Ectopic expression of a loblolly pine class II 4-coumarate:CoA ligase alters soluble phenylpropanoid metabolism but not lignin biosynthesis in Populus.
4-Coumarate:CoA ligase (4CL) catalyzes the formation of hydroxycinnamoyl-CoA esters for phenylpropanoid biosynthesis. Phylogenetically distinct Class I and Class II 4CL isoforms occur in angiosperms, and support lignin and non-lignin phenylpropanoid biosynthesis, respectively. In contrast, the few experimentally characterized gymnosperm 4CLs are associated with lignin biosynthesis and belong to the conifer-specific Class III. Here we report a new Pinus taeda isoform Pinta4CL3 that is phylogenetically more closely related to Class II angiosperm 4CLs than to Class III Pinta4CL1. Like angiosperm Class II 4CLs, Pinta4CL3 transcript levels were detected in foliar and root tissues but were absent in xylem, and recombinant Pinta4CL3 exhibited a substrate preference for 4-coumaric acid. Constitutive expression of Pinta4CL3 in transgenic Populus led to significant increases of hydroxycinnamoyl-quinate esters at the expense of hydroxycinnamoyl-glucose esters in green tissues. In particular, large increases of cinnamoyl-quinate in transgenic leaves suggested in vivo utilization of cinnamic acid by Pinta4CL3. Lignin was unaffected in transgenic Populus, consistent with Pinta4CL3 involvement in biosynthesis of non-structural phenylpropanoids. We discuss the in vivo cinnamic acid utilization activity of Pinta4CL3 and its adaptive significance in conifer defense. Together with phylogenetic inference, our data support an ancient origin of Class II 4CLs that pre-dates the angiosperm-gymnosperm split.